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(57) Abstract: A unidirectional hot rolled magnetic steel sheet or strip or two-way directional hot rolled magnetic steel sheet or strip 

as a soft magnetic material for use in electrical appliances. In particular, a directional hot rolled magnetic steel sheet or strip with 

extremely high adherence to coating, which steel sheet or strip is composed of, in terms of mass%, 2.5 to 4.5% of Si, 0.01 to 0.4% of 
Ti, 0.005% or less of each of C, N, S and O and the remainder consisting essentially of Fe and unavoidable impurities, characterized 
in that a surface thereof is provided with a coating constituted of a C compound of Ti, or Ti and at least one member of Nb, Ta, V, 
Hf, Zr, Mo, Cr and W; and a process for producing the same. 
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-^^J^^^T^^'^^^l^^^'^'ii^^^C*^ 0 . 00 5 
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Si:3.5%, Ti:0.2-'0. 3%. C:0.04~0. 1 0 % <0 
1 2 5 0''C(D:^y^M^m.mX*I^M\^s ^ ' Smmt 

1 5 cc^T^tau-c 2 O^^iJ^itUfCo 

'iffi'lifi'c t> 5 o 

^ 4 J: 9 , TiC^SJ:9'bO. 0 0 5 % &^±0 < l^tc^^ 
Sn. Sb. Pb. Bi. Ge. As. *3J:tJ^P05 h(D~m^ 

^s^^^^^fco rr^c*5v^-co. o o 5 %*a<^^*n<om'a'. v^i* 
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30/0^0. 4%mMir^:LtK^oXhm^i^\i:d^^±r^o <D 

Si:3.3%. Ti:0.2%. C : 0 . 0 5 %. Cu:0~l. 6% (DM 
yi^m^XQ 5 0*'C*T'*P^Ufc#2^Wi*^U. $ 1 1 5 0 

r a: 3d5 1> d> S „ 

mM<oi±±ifmm^r^^ s o o "c^T^t^j^sp^rat* i o#£^i^ ^ 
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o 

f*#(cPJ^U/.C3&>ofc;0§. T i C©lfm}i 2 0 0 -3 0 CC©^* 

^l^^^fc 2 0 0 "Cfi^tJi^-eJ^^^^^^^^^^ +^ 

l^3S^^MMaf*±PS^ 1 1 0 O-C, TR5^9 0 OX:tVtc. ZL <D 

PS^ 1 1 0 0°C ^ LfCo 9 0 0 °CJ^JLT^-r.S $5^ 6<J © *s 
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^^^|]5iS^;lov^T«:. mm^m^^ i o o o°C/6-6> i o 5 o'c<Dm 
x*\tit^^Mmts:^mx*h=-^nm^mm:^^mhf^f^^^^ ^^^^^ 

5 o^C/ s e c ^T'^0^<^{5 5 ^ ^ 

g^Si 1 00'•C3a<fcSV^{* 900°C3£<<^^#^*50°C/'s e c 

?^^^JE3ffixmi-*5v^T^i. mm^ 1 0 o^c-s 0 ox:<ommmx 
^t. ^fci-±mm<Dmwii^-^:^<Dy<:^Tii\^ ioo°c~5oo°co 

i:3.5%. Ti:0.2%. C : 0 . 0 5 %<Dm ^ 1 2 5 0 X: (D :^ 9 

^ U ^'j; V^ t> <D . Ji^j^^ff <Z)/^>?.|^Ij:^^SS.^^ 2 0 °C~ 6 0 0 °C 

$ bl- 1 1 5 0°C*T'#?aU-C 2 O^r^^^^tUf-o 
'fffi^ff oTV^5„ 0 7 J; ^^JSi^l'^^^lia^^^^*^ 1 0 CC^- 

e,ffl5su> 5 0 0 "c#^g*T'^<D^:^5is^^bTv^5 r ^o? .t> s 

(^J^}^. #^Bg54-l 3846#) i:^<III 
C-efcS (^#^J-< v^„ ^(Dmmi-^. ;4=Bg«TM;i. 
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5jef>^;d5fj:<^«''^3i^'^^^"^* + ^'^^^» 0 o°c 

115 0''C£JLT<?5^^^fT5 ^ hfi^^^'ni^^<0^'mi^K±^ < ^ 

i:3.3%. Ti:0.2%. C:0.08%. Cu:0. 2%©il^l2 
J^r^JBEjSU. >KJ¥^0. 22inmi:L.. ^ ^ . l°C/s^Ji<D*P 

i^5SST'^7K^4'~^ 5 0 0 — 1 2 0 ox:(Dmm(o^m^xiMmi^. 
mmumxe o#<^^^^^TV^. -^rc^m. ^sia^^et vx. 120 

B 8 ©2p^^its^ffiv^-cM3t^^^4<^Wffi^^To-cv^5„ ^ 8 0 J; 19 
1 1 5 0 "C^T'^co^r^^i^fe S ^ t . iTc^fc. 8 0 
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m&&^0. 0 0 14*^/8 e c (5°C/h r) ~ 1 5 0 °C/ s e c 

1 "cy s e c w.±(DMm^&x^mm-r ^ ^ ti'^^^xBs (d\^±^ 

{111} <112>*5it>M411} < 1 4 s ><D^!^:tiiL^h 

{411} <i48> (D^m^m vx:^mm:^^^^i^'^^^x-ib^ 

o 3i#^ffl^tl.-CVN5tfc_h;^MT*(Djpfi5SS« 1 0 CC/h r ( = 
0. 028 "C /sec) iJJtT@S U >fe V^:^ J?) . — 

s^jg^f s {411} <i48> (Dn^^^^nm ut 5 i^^, m 
m7^i^(D^mmx(Dm^^m^m.<-r^:L tKXox {411} < 

K-^^i^^M^m^mK^n ^ {411} < 1 4 8 xo^m^u^ 

:^;05#f,tt^V^©-X?. 9 0 O'CiJAJi t UfCo 1 1 0 0"C£A_h 

TU*V^. ]^am^#i4;iS^Mb-r5 (DT- 1 1 0 0°C*^i:UfCo 

3 0 ^J^Jl-hifei-^ k h Ulfeo 
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#iatCfcfcoT{*. 5fetc^^fc. />^<^ < ^ ^ 4 0 0''C>5^b 7 0 0 

•'cc?:>?as^ffl^i''c/#e;-hT'#ia$^. 7 o o'c^^Jii i 5 o^c 

d-f> 8 0 0 °C(D?ag«5IS^ 1 ''C/^:!>J^_hT'#m$^. 8 0 ot:£i-h 
ofCo 9 0 0 °C~ 1 0 0 0'CO^f±l^WT-t>*^'fet)a^g^''^ 

1 0 0 °co&m^x*um^ ±ifx -hMi^ 3 o^\tmm,mm^^-^^mx-^ 

t^S". x = 9-T/100. 4fc(*. 0. 5^5^(Dm. 
t ^ 0 . 5 
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(llJi^iJ 1 ) 

0 0°C-^?fT;btbfc:o *5 . c T^T ffi ^ Jt ^ lii5 51 1? 

fc. =.^^i^^(0^^mm-^±X 1 0 O'C/h r TfTofCo 
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Ti*(%) 


C»(%) 


N4(%) 


SS(%) 


0*(%) 


Sil:(%) 


A 


0. 21 


0. 052 


0.003 


0. 004 


0. 004 


3. 5 


B 


0. 18 


0.064 


0.004 


0.003 


0. 003 


2.6 


c 


0.35 


0. 081 


0. 003 


0.002 


0. 003 


3.8 


D 


0. 31 


0. 070 


0. 007 


0. 005 


0. 004 


3. 3 


E 


0. 14 


0. 032 


0. 005 


0. 007 


0. 002 


3. 2 


F 


0. 22 


0. 12 


0. 006 


0.004 


0. 005 


2.8 


G 


0. 08 


0. 055 


0. 002 


0. 006 


0. 002 


3.6 


H 


0.27 


0.067 


0. 004 


0. 006 


0. 012 


3.0 


I 


0. 25 


0. 044 


0. oil 


0. 002 


0. 004 


3.3 


J 


0. 19 


0. 046 


0. 003 


0. 012 


0. 003 


3.4 





Mm 




mm 










mm 












1 


1250°C 


2. Smin 




0. 2ZTm. 


950'Cl20min 




1150°C 


20hr 


2 




// 




n 




// 


n 


2hr 


3 




// 


// 


n 




V 


n 


5,10,15hr 


4 




// 


n 


n 




n 


1075°C 


30hr 


5 




// 


n 


n 


n 




1150°C 


20hr 


6 


1200°C 


2. 0mm 


n 


0. 30mm 


1000°C,40min 




1120''C 


25hr 


7 


1300°C 


1. 5mm 


1050t: 


0. 15mm 


920°C,90min 


7K# 


1200°C 


15hr 
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« 3 





B8 
(T) 


W17/50 
(w/kg) 






Ti(%) 


C(%) 


N(%) 


S(%) 


o(%) 


A 


1.91 


0. 85 


0 16 


0. 003 


0. 002 


0. 002 


0. 003 




B 


1.92 


0.82 


0 12 


0. 003 


0. 002 


0. 002 


0. 002 




c 


1. 89 


0. 87 


0. 22 


0. 004 


0. 03 


0. 001 


0. 003 




D 


1.90 


0. 85 


0. 19 


0.004 


0. 004 


0. 002 


0. 003 




E 


1. 85 


1. 04 


0. 11 


0. 001 


0. 003 


0. 004 


0. 001 




F 


1. 91 


0. 96 


0. 17 


0. 006 


0. 003 


0. 003 


0.004 




G 


1.71 


1.82 


0. 04 


0. 003 


0. 001 


0. 004 


0. 002 




H 


1. 90 


1.01 


0. 19 


0.003 


0. 003 


0. 003 


0. 009 




I 


1.89 


0. 98 


0. 18 


0. 002 


0. 008 


0. 001 


0. 003 




J 


1. 88 


1.04 


0. 12 


0. 002 


0. 002 


0. 007 


0.002 





A — D (::X@ 2 ^ji^ UfcM:^^* 4 i^^i-o 



m. 4 





B8 
(T) 


W17/50 
(w/kg) 






Ti(%) 


C(%) 


N(%) 


S(%) 


0(%) 


A 


1. 91 


1. 24 


0. 18 


0. 035 


0. 003 


0. 004 


0. 004 




B 


1. 92 


1. 35 


0. 15 


0. 041 


0.004 


0. 003 


0. 003 




C 


1.89 


1. 51 


0. 29 


0. 063 


0. 003 


0. 002 


0. 003 




D 


1.90 


1.49 


0. 21 


0. 058 


0.007 


0. 005 


0. 004 
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W17/50(w/kg) 




2hr 


0.035 


1. 24 




5hr 


0.019 


1.07 




lOhr 


0. 009 


0. 95 




15hr 


0. 005 


0. 86 




20hr 


0. 003 


0. 85 





AlcX@ 8 ~ 1 1 bfc^mtr^ 6 K^-To 



6 



Jim. 


B8 
(T) 


W17/50 
(w/kg) 






Ti(%) 


C(%) 


N(%) 


S(%) 


0(%) 


8 


1.91 


0. 98 


0. 18 


0. 009 


0. 003 


0. 003 


0. 004 




9 


1. 89 


1. 36 


0. 20 


0. 032 


0. 003 


0. 004 


0.004 




10 


1.90 


0. 91 


0. 16 


0. 004 


0.003 


0. 002 


0. 003 




11 


1. 92 


0. 61 


0.12 


0. 001 


0. 002 


0. 002 


0.004 :$:mm 



8 . 9 ^*v^Ttb'bJi^^.^355^^■c'^a^^*^^+^*^^■^^'^^^'» 
8 ^^\f^xmm(D^m7^^ 0 . i~o. s nva(D^m*^i^^^^'^^ 

V) ^ 5min#O180° ft :J3 i t)? 51 ^ ^ < # ^ o T % 
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, Nb. T a . V. H f . Z r . Mo , C r . W 2 0 %^ * tl. 5 
A r tf'T- 1 0 0 0°C. 3 0.^<om^^^n\^fCo ^(Om<0^^^ 



3 — T- ^ >- ^ 


B8 
(T) 


W17/50 
(w/kg) 


^fc (%) 


^1^^^ 






Nb 


1. 89 


0. 85 


0.001 


Ti. Nb. C 


O 




Ta 


1. 89 


0. 87 


0. 002 


Ti. Ta. C 


o 




V 


1. 89 


0. 83 


0. 002 


Ti. V. C 


o 




Hf 


1. 89 


0. 84 


0. 003 


Ti. Hf. C 


o 




Zr 


1. 89 


0. 84 


0. 001 


Ti. Zr. C 


o 




Mo 


1. 89 


0. 88 


0.002 


Ti. Mo. C 


o 




Cr 


1. 89 


0. 86 


0. 002 


Ti. Cr. C 


o 




W 


1. 89 


0. 85 


0.003 


Ti. W. C 


o 





^d^5o *fcr Ol^^J^^-i-^N b . Ta. V. Hf. Zr. Mo 



8 5 0 °CT-^^##frt. *yt-ec>^ffi3^Sll::fe'lRl-^<^® 5 mm 

(D^ifet:: J: ?) . mm0:^not^o ^(Dmo^mmi-^. wi 7/5 0 

T% ^Ji^^M^^S 0 . 82. ®0. 71. ©0. 75.(S)0. 73w 
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;K{;l*5V^T^. 5 mm^^T'O 1 8 0" * if # fi' b ^ V^ . ^< 

^6 4'<?5Xm 1 (i) . ^^^-trO. 0 0 5 %-^t?ilS<^:fe- 

l^ftma^^K^^ifeV^U-C^lii^^^U. d>o^gj?Sr 6 m i 1 ^ U 

(i i) , me ^(onini ou<D^B^Mmv^ 
o'c-es o^PbT;^MU-ct i c^M^?f^^ ^ -^^^W^^^^ ( i i i 

) . jo 6 4><^X@ 1 OVi\c^h {CTfc^^" 1 2 0 0 °C 4 0 ^PbT 

©jlfe^^ffoT^^S^vS^O. 05%fcU. (i i i) 
a^tfofc%.(?5 (iv) ^>^SU:feo r tt P>C>ft(f#J^ U^^^ . 

XU. iK^ay^Sr^f o:fe„ $e>lJ:. J!jn X ^ ^ I5i >9 ^ < i?) {^i tK ^ f 







W17/50(w/kg) 


W17/50(w/kg) 




Smm^ 




( i ) 


O 


O 


0. 75 


0. 62 




( i i ) 


X 


O 


0. 74 


1. 24 




( i i i ) 


X 


O 


0.74 


0.63 




( i v) 


X 


o 


0.73 


0. 91 





( i i ) *5 j;tJ^ ( i v) i3:*3VM:(*3i^^#em{-^a#1435S@^ 
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, m^t^m 1 1 {-^t- <t 5 ( i ) T*l*Sl^^i$>;$Si^*SE-b^-*fi 

— ^-#^5EUTV^?.(D}C^Ls T i 0 . 1% 

i^Wfc^^VN (i i) ^sitJ? (i i i) -CM*^J^^^;65*^^J-A!9 

(^JS^ 4) 

Si: 3.5%. Ti : 0. 2%. C : 0. 05% =^-3 ^ ^9{Jl^f^^^ 
^Jq U^ii=Sr*^^S!i 180mmJ?:^450iiimilii-T?^®^^3t t :^ 

1250''C-T?><^ 7"/iPmUfcm2.3iiimlf ^ I- 

TK^i^f T'950°C*T*AB^Ufc^2Bf ^i^^b. $ e> 1^1 1150°C * T' 
UT20^W'^^UfCo -^rO^^^i^ /l^^MPB $ 100iii*3 t ^^^^ 
St UTifil^ 5^ >^*^ ^50mm. 150mm, 250mia, 350min'ea:g T? ^ y'' ^ 
^ ^f^JiSl-^f^^U, ■a-tl-200^<D?^^M^^ffVN#f5ttfcB8te(D^ 
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m 9 





3n I 


3b 




3i 


3e J 


1 


\ 


^14 




(%) 


(%) 


(%) 


(%) 


(%) 


(%) 


(%) 1 


58(T) 




A 1 


3. 003 











— 




1. 78 : 






0. 007 





— 








— 


— 


L 91 : 




c 


0. 041 




— 








— 


— 


1. 89 






0. 123 





— 








— 


— 


1. 64 




7 




0. 001 


— 








— 


— 


1. 69 




^ 




0. 016 











— 


— 


1. 92 




G 




0. 220 











— 


— 


1. 72 




H 


_ 




0. 001 










— 


1. 69 


if^m 


T 






0. 006 











— 


1. 88 


:^mm 


T 
J 






0.086 











— 


1. 74 




K 








0. 004 





— 


— 


1. 81 










— 


0. 008 








— 


1. 90 




M 









0. 064 





— 


— 


1. 80 




N 











0. 003 





— 


1. 78 




n 








— 


0. 013 


— 


— 


1.91 




p 








— 


0. 067 


— 


— 


1. 68 




0 













0. 002 


— 


1. 76 




R 













0. 035 


— 


1. 91 


^mm 


s 




_ 









0. 075 


— 


1. 63 


:^^m 


T 















— 


0. 003 


1. 75 




u 


0. 003 













— 


0. 003 


1. 94 




V 




0. 001 











— 


0. 003 


1. 76 




W 


_ 







0.004 





— 


0. 003 


1. 93 




X 














0. 016 


1. 91 




Y 














0. 027 


1. 92 


if mm 


Z 




0.016 










0. 027 


1. 91 


if mm 


AA 














0. 045 


1. 89 


'if mm 


AB 






0.006 








0. 045 


1. 80 


if mm 


AC 










0.013 




0. 045 


1. 73 


if mm 


AD 












0. 035 


0. 045 


1.70 


if mm 



^94^. ifmmU\^^^W^^ — 'r^i^'!f^W'^'^^ ^h\z.m:10\z. 
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: 

B8(T) 


wl7/50(W/kg) 




r+J- rcr ^fcrl -54^1 -oh • 

m IS m w BU ^ M . 
wl f /oUv w/Kg; 


B 


1. 91 


0.83 


u — -^ — mm 


0. 7o 


C 


1. 89 


0. 85 




0. 75 


F 


1.92 


0.82 




0. 70 


I 


1.88 


0.87 


v — f- — Rglt 


0. 77 


L 


1.90 


0.85 




0- 76 


0 


1. 91 


0. 81 




0 74 


R 


1.91 


0.83 




0.73 


U 


1. 94 


0.82 




0. 69 


W 


1.93 


0.83 




0.71 


X 


1.91 


0.81 




0. 76 


Y 


1.92 


0. 82 




0. 76 


Z 


1.91 


0. 81 




0. 72 


AA 


1.89 


0. 86 




0. 73 



^%ikm 5 ) 

Si:3.5%. Ti:0.2%. 0:0.05*5^:1/0.08%. Cu: 
0*5a:t/0. 2 %©#3Sr*^^»iU. 1 2 5 0 "C :^ 7 :/JB^ U fc 
#2.3 mnij¥:*Trl^5E "T? ^ 0 .23mini:U51#fg 

ffeTK^^^T-a 5 0°C*T':UP^Ufc#2NpPNm^U. ^ e>(cll 1 

5 o'c*^#iau-c2 o^ra^^^ufco -^r^^^, m^am^ffv^# 



C u * ( % ) 


C» (%) 


m'^. : B 8 (T) 




0.01 %7icp 


0 . 0 5 


1.82 




0 . 2 


0 . 0 5 


1.87 




0 . 2 


0.08 


1.90 





J; S |6j _hi- 5 ^ T 1^ 5 o 
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iMMm 6 ) 

Si:3.5%, Ti:0.2%. C : 0 . 0 5 ^^^^^ 1 

8 Omm^^4t 5 OmmmX'mimm^ltVX 4 t y^y-^tV. 125 

\zL2 o~6 0 o''c(DUMx* 1 ^ e 0 -^(omi^M^ 0 m--^ 5 m^^ta 

^t^O. 2 3 mmm^X^mV. =i # Si «9 . ^T^m^XQ 

-C2 O^K^^UfCo =x-r/W^MPU. S$100in*3^ 

fJl^Jfsl-^^ UTiPS^ ^ 5 0 mm. 150mm. 250mm. 

350mm'|£gT'cn:/V^^-r Vf^l^N- ^ U . ^^^JM ^ ^ ff V^ # 
btt^c B 8 iit0 5lz::^^Sr^ 1 2 tc:^ Ufc, 



1 2 





CO 




: 

B 8 (T) 




0 






1.78 


^mm 


1 


5 0 


6 0 


1.81 


:^^m 


1 


10 0 


3 0 


1.86 


:^mm 


1 


2 0 0 


5 


1 . 9 0 




1 


3 0 0 


1 


1.89 




1 


4 0 0 


1 


1.89 




1 


5 0 0 


1 


1.86 




1 


6 0 0 


1 


1 . 7 9 


:^^m 


1 


6 0 0 


6 0 


1.72 




5 


5 0 


5 


1.82 




5 


10 0 


5 


1.89 




5 


2 0 0 


5 


1.92 




5 


3 0 0 


1 


1 . 9 3 




5 


4 0 0 


1 


1.90 




5 


5 0 0 


1 


1.91 




5 


6 0 0 


1 


1.77 
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B 8 (T) 




3 8 


1 . 


7 


8 




5 6 


1 . 


8 


2 


^mm 


10 3 


1 . 


8 


7 


^mm 


18 4 


1 . 


8 


8 


^mm 


2 7 5 


1 . 


9 


0 


:^mm 


3 9 2 


1 . 


8 


9 


^mm 


4 8 8 


1 . 


8 


6 




5 7 3 


1 . 


7 


6 





immm s ) 

S i :3. 5%. T i :0. 2%. C:0. 0 5-0. l<Vo(Dm^M^ 
^MU, 1 2 5 O'CT-;^7:^:b0l^Ufc^. 2. S mmm* T-fiM U 
J^MTM*5Kff^0. 23mm^U. IIItK^ 9 5 0 

^mm^m 1 4 Kmift^o 
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c» (%) 


: B 8 (T) 




0.043 


1.80 




0 . 0 5 1 


1.82 




0.060 


1.86 




0.071 


1.87 




0.085 


1.88 




0 . 10 4 


1.87 





TiC^4^^'^>0. 0 0 5 %£>!.-h# < C tr^iJD-f 



immm 9 ) 

5 ic^iTo 





CO 


(^) 


: 

B 8 (T) 




0 






1.88 




1 


5 0 


6 0 


1.87 


:^^m 


1 


10 0 


3 0 


1.91 


:^^m 


1 


2 0 0 


5 


1.92 


:^^m 


1 


3 0 0 


1 


1.92 




1 


4 0 0 


1 


1.90 


:^mm 
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